The uneven distribution of Mg2", K+, and phosphate in Saccharomyces carlsbergensis was demonstrated by the differential extraction of ions. Their concentrations were 5, 60, and 1 mM in the cytoplasm and 73, 470, and 110 mM in vacuoles, respectively. The intracellular gradients of these ions were 1:15, 1:8, and 1:110, respectively, across the tonoplast. The determination of free Mg2" (1.35 mM in the cytosol and 20 mM in vacuoles) showed that the ion accumulation in vacuoles could not be explained by the higher degree of ion complexing in these organelles.
The dependence of rates and directions of many metabolic processes on the presence of some inorganic ions suggests that their intracellular concentrations are under strict control, and the controlled changes in ion concentrations provide an important means for metabolic regulation. The level of free ions in a cell was assumed to be controlled by the plasmalemma transport systems as well as by complexing of ions, and in eucaryotic cells, also by the organelle transport systems (16) . The participation of organelles in the regulation of ion concentrations in the cytosol could result in the compartmentation of ions. It had been recently demonstrated cytochemically (16, 18) that in yeast cells Mg2" accumulated mainly in vacuoles. The present work shows the predominant accumulation of K+, Mg2+, and orthophosphate ions in vacuoles and the occurrence of concentration gradients of these ions across the tonoplast.
MATERIALS AND METHODS
Strain and culture media. The yeast Saccharomyces carlsbergensis, strain IBPhM-366, was grown at 290C in shaking 750-ml flasks containing 200 ml of the following medium: 3 g of (NH4)2S04, 0.7 gofMgSO4 a 7H20, 0.4 g of Ca(NO3)2, 20 g of glucose, 2 g of KH2PO4, 0.2 g of K2HPO4, 2 g of yeast extract, and 1,000 ml of water, pH 5.5 . After 18 h, 10 ml of the yeast suspension (optical density -1.1) was inoculated into 200 ml of a new medium and grown for 5 h (optical density = 0.55). The cells were collected by centrifugation and subjected to analysis after three washes with doubledistilled water.
Determination of ion pools. The method of differential extraction of amino acid pools of yeasts (26) was modified in our experiments for the determination of ion pools of S. carisbergensis. One hundred milligrams (0.5 ml) of wet cells was washed with 5 x 2 ml of distilled water, 3 x 1 ml of 0.25 M sodium acetate buffer (pH 4.8), and 3 x 1 ml of 0.7 M sucrose (or 0.7 M mannitol). To make plasmalemma readily permeable to low-molecular-weight compounds and ions, the cells were treated for 9 min with small portions (3 ml) of 1% cytochrome c solution in 0.7 M sucrose, pH 7.6, and rewashed with acetate buffer in the presence of 0.7 M sucrose (3 x 1 ml). The cytosol ions were determined in the combined extract. This was followed by the destruction of the vacuoles under an osmotic shock (3 x 1 ml of water). The remaining material was rewashed with acetate buffer (3 x 1 ml). The vacuole ions were determined in the combined extract. The remaining ions were extracted with 0.5 N HC104 (1 x 1 ml) for 1 min. This resulted primarily in the release of ions from large vacuoles which resisted the osmotic shock, as well as their bound and water-insoluble forms (e.g., ions tightly bound to a cell wall, ribosomes, etc.). All types of extraction were performed at 0 to 40C with the glass fiber disks (GF/B, Reeve Angel, Whatman) for filtration. The cell debris was washed with concentrated HC104 at 160 to 1800C. In a number of experiments after the plasmalemma modification by cytochrome c, the cells were treated with Triton X-100 in acetate buffer in the presence of 0.7 M sucrose. An increase in the detergent concentration from 0.075 to 0.1% caused the disruption of vacuoles. The isotonic cell treatment with the cytochrome c renders the plasmalemma progressively permeable to small molecules, depending on the duration of the treatment. Thus, the extraction of K+, which is the most mobile of all ions under study, is complete in the first 9 min (Fig. 1) The results of the vacuolar lysis induced by Triton X-100 provided additional evidence of the fact that the major quantity of ions is concentrated in these organelles (Fig. 2) . After the cell treatment with cytochrome c, the vacuoles lysed as the Triton X-100 concentration increased from 0.075 to 0.1%. The vacuole disruption as observed in phase-contrast microscopy was followed by the ion release, resulting in the increase in the ion content of the cytosol extract and its decrease in the vacuolar one (Fig. 2 10 mM NaF (an inhibitor of phosphatases) gave the same othophosphate contents (data not shown).
DISCUSSION
The method of the differential extraction by cytochrome c treatment was first applied to determine amino acid pools of the yeast Candida utilis (26) . In the present work this modified method was employed for the successive extraction of ion pools of the yeast S. carlsbergensis. The modification (high concentration of on September 29, 2017 by guest http://jb.asm.org/ the cytochrome c and alkaline pH during the treatment with cytochrome c) was due to the resistance of cells to the lytic action of the cytochrome c under the standard conditions of extraction of amino acid pools of C. utilis. Evidently, the sensitivity of various yeast species and even strains to cytochrome c is different.
The results obtained as well as the cytochemical data (16, 18) provide evidence in favor of the applicability of the method, although with some limitations, for determination of various ion pools of S. carlsbergensis. Ion pools described as vacuolar comprise ions of vacuoles and vesicles sensitive to osmotic shock. Some mitochondrial and nuclear ions are probably released as a result of osmotic shock. The content of vacuolar ions may be therefore overestimated. However, such overestimation is evidently not high and does not change the principal picture of ion distribution between the cytoplasm and vacuoles. We failed to find marked concentration of Mg24 in cell organelles other than vacuoles (16, 18) . A high concentration of Mg24 could not be expected in mitochondria because their ATPase is inhibited when the molar proportion of Mg2+/ ATP is higher than 0.5 (4). Increased concentrations of Mg24 result also in the incorrect transcription (27) , so that a high Mg24 concentration in the nuclei is unlikely. As for inorganic phosphate, the ratio of acid-labile and inorganic phosphorus was found to be 2.0 to 2.5 in both the vacuolar extract and isolated vacuoles (data not shown).
The conditions under which cells were pre- 
